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Abstract 
The electron optical properties of an 
asymmetric magnetic condenser-objective l ens are 
determined not only by its geometric structure 
and shape parameters, but also by the degree of 
saturation of its polepieces. A systematic 
investigation has been carried out for a series 
of asymmetric magnetic condenser-objective 
lenses. Results show that, owing to its small 
bore, the lower polepiece of such an asymmetric 
condenser-objective lens has considerable effects 
on the electron optical properties. When this 
polepiece is appropriately highly saturated, an 
asymmetric condenser-objective lens possesses low 
spherical aberration and chromatic aberration 
coefficients. On the other hand, the large bore 
of the upper polepiece leads to a more favourable 
design of the spec i men stage and analytical 
facilities in the electron microscope. 
Comparison of a series of asymmetric condenser-
objective lens suggests that the ratio of bore 
diameter of the upper polepiece to that of the 
lower polepiece D1 /D 2 = 4 is favourable. 
Calculation of the localized influence of 
the axial field distribution on th e spherical and 
chromatic aberration coefficients of the lens is 
important for investigation of the effects of 
polepiece saturation on the electron optical 
properties of the condenser-objective lens, and 
is very useful for lens design. A method of 
achieving this is demonstrated. 
Key words: Asymmetric Magnetic Condenser-
Objective Lens, Integrated Function of Spherical 
and Chromatic Aberration Coefficient, Polepiece 
Saturation, Finite Element Method, Design of 
Condenser-objective Lens. 
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Introduction 
The symmetric magnetic condenser-objective 
(SMCO) lens has been successfully adopted in 
almost all high resolution electron microscopes 
(Cosslett et al., 1979). Many papers about this 
type of electron lens have been published since 
Glaser (1952) proposed it for the first time in 
his well-known bell-shaped magnetic field 
theory. The electron op tical properties of such 
lenses have been described by Riecke (1962, 
1972), Ruska (1966), Mulvey and Wallington 
(1973), and with consideration of the influence 
of lens polepiece saturation by Kamminga (1976) 
and Cleaver (1978). Besides the Condenser-
objective mode, the second zone mode has also 
been discussed by Ardenne (1941), Suzuki et al. 
(1968), and Cleaver (1980). An SMCO lens has been 
used successfully in a 100 kV electron microscope 
(Riecke and Ruska, 1966), and in a 600 kV high 
resolution electron microscope (Nixon et a l., 
1978, Cosslett et al., 1979, Cleaver 1977a, 
1977b). 
However, little has been published about the 
asymmetric magnetic condenser-objective (AMCO) 
lens. In fact, an AMCO lens has its own favour-
able characteristics. If its lower polepiece has 
a smaller bore than that of its upper polepiece 
its state of magnetic saturation has significant 
effects on the distribution of the axial magnetic 
flux density; these effects can be put to good 
use to reduce the spherical aberration of the 
lens. On the other hand, its upper polepiece can 
provide a practical advantage in the mechanical 
design of the lens owing to its large bore, 
facilitating, for example, the use of a top-entry 
specimen holder. For these reasons, the AMCO has 
recently attracted more attention (Honjo, et al., 
1980, Tsuno and Honda, 1983, Tsuno and Smith, 
1985) in all forms of high resolution micro-
scopes. 
The research work presented in this paper 
was initiated on the basis of an ASTON-CAMBRIDGE 
University collaboration, aiming at the 
improvement of the 600 kV high resolution 
electron microscope in the old Cavendish 
Laboratory, Cambridge University, by carrying out 
a systematical investigation of the electron 
optical properties of a series of AMCO lenses 
with different ratio of gap width to bore 
OIEN v.enxiong 
diarreter (S/D) at a certain gap width, and 
different degrees of polepiece saturation. 
Particular attention was paid to the effects of 
lower polepiece saturation on the lens 
aberration. '!his investigation srowed that the 
underlying principles can be applied to a whole 
range of objective lenses in high resolution TEM, 
STEl-1 and SEM. 
~thxl used to analyse the asyrrmetrical 
condenser-objective lens 
Fbr a conventional high voltage rragnetic 
electron lens, the volurre of the critical part of 
the rragnetic field distribution, approxirrately 
one cubic centimetre, is negligibly small 
corrpared with the other parts of th e rragnetic 
circuit. CXI the other hand, the magnetic field 
distribution in the vicinity of the inter-
polepiece region is most imp:,rtant for the 
lens. 'Ib calculate this part of the rragnetic 
field distribution of the lens with high 
precision, it is necessary to adopt an 
appropriate calculation model. It is assurred in 
this paper that the lens as a whole has been 
designed so that there will l;le ro saturation in 
the rragnetic circuit except in the region of the 
polepieces. This assumption is the sarre as that 
of Cleaver. 'Ib do this, we have only to kn:Jw the 
true rragnetization curve for the polepieces, the 
material of which is Perrrendur in our case, and 
give the assurred magnetization curve, which is a 
straight line for any high intensity of magnetic 
field, to the other parts of the magnetic 
circuit. Fig. 1 srows an exarrple of the 
calculation model of AM'.)) and the corresponding 
finite elerrent rresh. 
The 70 relevant data pairs of axial rragnetic 
flux density, (Bi, Zi), i = 1,2, ... ,70, obtained 
from the field calculation are input to a 
prograrrme called COCOL, that calculates the 
Gaussian rays and aberration ooefficients after 
sorre proper treatments. COCOL is a prograrrme 
specially corrpiled for the resign Of Cbndenser-
Objecti ve Lenses. In COCOL the step lengths of 
the electron trajectories are rot uniform. Every 
axial interval (Zi, Zi+ll, i = 1, 2, ... ,69, 
obtained directly from finite elerrent rresh 
division, is subdivided into 4 uniform sub-
intervals so that it is easy to provide 
additional axial magnetic flux density values and 
derivatives at the end points of each subdivided 
interval by interpolation, making it easy to 
integrate the electron trajectory equation. '!hat 
rreans, an electron travelling from one end of the 
lens field to another g:>es through 277 steps. 
Because the step lengths vary with the gradient 
of the axial rragnetic flux dens ity coordinately, 
trajectory calculations still have sufficiently 
high accuracy, but time and storage of 
corrputation can be reduced considerably so that 
the calculation can be carried out in a 
minicomputer. Fbr checking the accuracy of 
COCOL, a published lens calculation (Cleaver, 
1977a,b) was recalculated; the resulting Cs and 
Cc are 3.34mm and 3.26mm respectively, very close 
to trose of Cleaver, (3.33mn and 3.27mm, respec-
tively), as obtained from Munro's programre 
(Munro, 1975) using 1000 uniform steps. 
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Fig .1 '!he calculation model of the asyrmetric 
rragnetic condenser-objective lens and the finite 
elerrent rresh 
'!hick line: rragnetic circuit; 
'Ihin line: finite elerrent rresh. 
The integers on the left and upper side are index 
numbers of finite elerrent rresh lines; the real 
numbers on the right hand side and the bottom are 
the coordinates of r and z of the finite elerrent 
rresh line,respectively. Unit: nm 
The rrain aberration ooefficients of interest are 
spherical and chrormtic aberration ooefficients 
as follows: 
z . 
C ( l)/128 V ) i l. c (zl dz (1) s r s 
0 
z . 
C ( r)/128 Vr) r1 c (zl dz (2) C zo C 
where 
&!re 9 ~ / m is the charge-to-mass ratio of the 
electron; Vr is the relativistically corrected 
beam voltage; B(z) and B'(z) are the axial magne-
tic flux density and its first derivative respec-
tively; R,,.(z) is the Gaussian ray starting from 
the object point on the axis with 45° slope. 
The i~egrands jn Eq. ( 1) and Eq. ( 2) are 
written as C (z) and C (z) . Eq. (3) and Eq. (4) 
srow their aetailed furm which the calculated 
results are output, so that the progressive 
contribution of the spherical and chromatic 
aberration can be observed along the axis. 'Ihis 
is very useful for investigating the correlation 
between the total aberration ooefficients Cs and 
Cc and the saturation of the lens polepieces; 
this diagrostic information is particularly 
useful in the early design stages. Fbr further 
information about this rrethxl see Nasr et al 
(1981) and Nasr (1982). 
Fblepiece saturation in objective lenses 
For the conjugation of object plane with the 
given planes in both the illumination and pro-
jector lens sides, the p:::>sition of the object 
plane sh:>uld be detennined carefully. In fact, 
for a given pair of conjugate planes there is 
only one proper object p:::>sition for a given exci-
tation. In the present calculation, we assurre 
that both conjugated planes are located at some 
30Qnm from the object plane on both sides. 
'Ihe axial magnetic flux density distribution of 
asymretrical condenser-obJective lenses under 
different states of p::,lepiece saturation 
The parameters describing the p:::>lepieces of 
AMO) are sh:>wn in Fig. 2. Usually the p:::>lepiece 
with the large bore (upper p:::>lepiece) is put 
towards the illumination si de, and the p:::>lepiece 
wit.11 the small bore (lower p:::>lepiece) towards the 
Fig. 2 The geometric structure parameters and the 
shape parameters of an asymrre tric p:::>lepiece. 
projector lens side. 
and Din symretrical 
asymrretrical lenses. 
'Ihe structure parameters S 
lenses, become S, o1, D2 in 
In order to investigate the variation in 
e lectron optical properties of lenses with 
p:::>lepiece structures, four different kinds of 
structure, namely Al, A2., A3 and M were ch:>sen 
for detailed calculation (see Fig. 3). 'Ihe gap 
width S is constant and equal to 11 rrm, D2 is 3 
rrm, D1 varies from 9 nm to 18 nm for Al to A4. 
If we put the average bore diameter ( D1 +D2) /2 in 
place of D in SMCO, the ratios of gap-width to 
bore diameter in Fig. 3 corresp:::>nd to values of 
1.83 to 1.05 for Al to M. 
The shape parameters of the lower p:::>lepiece 
are as follo.vs (see Fig. 2): 
~2 = 55°, t 2 = 14 rrm 
corresp:::>nding values of the upper p:::>lepiece are 
28°, 58° and 32 nm to 40 nm from Al to A4. 'Ihe 
reason for different values of t 1 is to keep the 
cross-sectional area of the different upper 




Fig. 3 Six kinds of p:::>lepieces of the asymretric 
condenser-objective lens adopted in the 
calculations. Gap width: 11nm, bore diameter of 
the lower p::,lepiece lml; bore diameter of the 
upper p:::>lepiece in Al, A2., A3, M , 9mm, 12rrm, 
15mm, l&nm respectively; shape of fOlepieces is 
al.rrost the same; A5 has the same bore diameter 
and gap width as that of A2 but thin lower 
p:::>lepiece; A6 has the same bore diameter and gap 
width as that of A2, but a very thick lower 
fOlepiece. 
In order to investigate the effects of lower 
fOlepiece saturation on the electron optical 
properties of AMO), an::>ther tv.0 kinds of 
fOlepiece namely A5 and A6 were also taken into 
consideration (see Fig. 3), they have the same 
structure parameters as that of A2., but quite 







= 10 rrm; strong saturation is 
expected at nigh excitation. en the other hand, 




= 30 nm, slight 
saturation is expected even at nigh excitation: 
A2 falls halfway between A5 and A6. 
The axial magnetic flux density 
distributions for Al to A4 at different 
excitations are sh:>wn in Fig. 4 and Fig. 5. It 
can be seen in Fig. 4 that there is IXl p:::>lepiece 
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Fig.4 'lhe axial magnetic flux density 
distribution for Al-Mat an excitation NI=l5000 
A-t (no saturation). 
axial flux density curve drops rapidly at the 
p::>sition of the lower p:>lepiece. Ch the 
contrary, when NI reaches 22,500 A-t, the curves 
(see Fig. 5) have an "extension" at the p::,sition 
of the lower p:>lepieces; the value of B at the 
tip of the lower p::>lepiece reaches about 2.6 
Tesla under these conditions. 
Figure 6 shows the axial flux density 
distribution of lens A5 when NI = 14,500 A-t, 
17,500 lr-t and 22,500 A-t. It is clear that 
there is slight saturation at the lower p:>lepiece 
of A5 when NI = 14,500 A-t; when NI = 17,500 A-t, 
mild saturation occurs; when NI = 22,500 A-t, 
there is strong saturation at the lower 
p::>lepiece, and the curve extends considerably 
furthernore, there is a local kink in the curve 
(see Fig. 6, p:>int D). 'lhe value of Bat the tip 
of the lower p::>lepiece can reach sorre 3 Tesla 
under these conditions. 
'lhe axial flux density distribution of A6 is 
shown in Fig. 7. It is obvious that there is 
only slight saturation at lower p:>lepiece, even 
if the excitation reaches 22,500 A-t. 
Electron Cptical Properties of AMCO 
The axial magnetic flux density distribution 
will determine the first order as well as the 
third order electron optical properties of the 
condenser-objective lens. 
As rrentioned above, for conjugation with the 
given planes on both illumination and projector 
lens sides, the p::>sition of the object plane is 
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Fig. 5 'lhe axial magnetic flux density 
distribution for Al-Mat excitation NI=22500 A-t 
(mild saturation at lower p:>lepiece). 
IX)t arbitrary. There is a unique value of beam 
voltage Vr, which rreets the requirerrent of 
conjugation for a given value of NI. 'lherefore, 
all the electron optical properties given below 
are expressed as functions of V . 'Ib find the 
proper object p::>sition in ~ is rruch rrore 
laborious than that in SMO), owing to the 
asymnetry of the field distribution. Figure 8 
shows the object p::>sitions of Al to A6 at 
different beam voltages; the origin of axial co-
ordinate Z is at the p:>int 5 nm left of the lower 
p::>le face, so that for the gap width of 11 nm, 
the coordinate 2tn of mid-plane of the gap is 
-0.5 nm. It can be seen from Fig. 8 that the 
object plane of AMCO is usually at the righthand 
side of the mid-plane. 
The lens excitation parameter K is defined 
as: 
K = NI / rv; • (5) 
The required excitation parameters K for given 
conjugated planes are shown in Fig. 9. It is 
obvious that K for Mm is usually greater than 
19.5. Fbr each AMO), K always increases with 
increasing beam voltage, this is due to the loss 
of ampere-turns in the iron p::>lepiece caused by 
saturation. It is therefore to be expected that 
the highest K is required by A5, and the lov.est 
by A6. 
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Fig.6 '!he axial magnetic flux density 
distribution for AS at excitation NI=l4500 A-t 
(slight saturation at lower polepiece), 17500 A-t 
(mild saturation at lower polepiece) and 22500 A-
t (strong saturation at lower polepiece) 
respectively. 
'!he position of the back focal plane ~f is 
soown in Fig. 10. '!his differs from that of SMCO 
in that, for AMCO, these planes are closer to the 
lower pole face, and may in fact penetrate into 
the lower 1::ore when the beam voltage increases. 
'!he objective focal length f is soown as a 
function of beam voltage in Fig. 19.. '!he value 
of fc:i will increase when the bore diarreter I\ of 
the upper polepiece increases. Fbr each AMCO, f 
will increase with Vr owing to the saturation~ 
Fbr this reason, the curve is fairly stable for 
A6, but sensitive for AS. 
The spherical and chromatic aberration 
ooefficients C? and Cc for Al to Mare soown in 
Fig. 12. It is clear from Fig. 12 that, in the 
case of low saturation (V .; 500 kV) , the 
spherical aberration ooefficien1t is usually high, 
a1::out 3.5 rnn - 3.9 mm, which is higher than that 
of SM:O; for the latter, it is some 2.3 - 2. 7 rnn 
(see, for example, Cleaver, 1978). It gradually 
rises from Al to M. '!he spherical aberration 
o::>efficient drops markedly with increase of 
excitation, and in the case of mild saturation 
( Vr-" 900 - 1000 kV), Cs of AMC() decreases to 2 .6 
rnn from 3. 0 rnn; the =rresponding value for SM.:::O 
is some 2.3 - 2.5 mm. 
The spherical aberration ooefficient of AS 
and A6 is sh::)wn in Fig. 13. It SOOWS that cs of 
AS drops rapidly with increase of Vr, and will 
f 
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F~g. 7 '!he axial magnetic flux density 
distribution for An at excitation NI=l5000 A-t 
(no saturation), 17000 h--t (no saturation) and 
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Fig.8 '!he object position (zol of the asyrraretric 
magnetic =ndenser-objective lens Al-A6 as a 
function of beam voltage vr. 
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Fig.9 'Ihe excitation pararreter (K) 
asyrnnetric magnetic condenser-objective 
A4 as a function of beam voltage v r • 
of th e 
lens Al-
decrease from 2.2 mm to 1.9 mm when Vr increases 
from 600 kV to 1000 kV. This value is obviously 
lower than that of the corresponding SMCO. On 
~e contrary, Cs of A6 is stable and keeps at a 
high ~eve 1, al::out 3. 2 mm - 3. 6 mm. Again, the 
spherical aberration =efficient of A2 is medium 
lying between that of P-5 and A6. ' 
'Ihe behavi?ur of Cc is different from cs. 
Fbr Al to A4, in the case of non-saturation c 
varies from 2.4 mm - 2.5 mm, and is lower &aii 
that of the corresponding SMCO; the latter is 
about 2.6 mm - 3.0 mm. Qmtrary to the behaviour 
of Cs, Cc will increase with Vr, but rather 
slowly, and reaches 2.5 mm - 2. 7 mm at 1000 kV 
while that of corresponding SMO'.) is some 2. 7 mm ~ 
3.4mm. Fbr A6, Cc is nearly constant, ab:Jut 2.6 
mm, but for P-5, Cc increases from 2 .1 mm to 2 . 8 
mm, roughly the sarre as that of corresponding 
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Fig.10 'Ihe position of the back focal plane (~f) 
of the asyrnr,etric magnetic condenser-objective 
lens Al-A6 as a fun ction of beam voltage V . 
r 
It can be deduced that, in the case of mild 
polepiece saturation, the spherical aberration 
coefficient of N-rn is generally higher than that 
of SMCX), but when the lower polepiece is in an 
appropriate saturation state, N-rn will have a 
lower spherical aberration =efficient. This is 
due to the shape of the axial magnetic flux 
density distribution, caused by the highly 
saturated lower pole piece. Fig. 14 srows the 
relative axial flux density distribution of P-5 
(NI = 22,500 A-t). 'Ihe curve extends remarkably 
from Z = 6. 5 mm to 14 mm and has a 'local kink' 
at Z = 14. 5 mn. 'Ihe Gaussian ray Re,. is also 
shQwn in this figure. Cl:>mparison of B(z)/1\:,, 
B (z) and R,,,_(z) for the saturated and 
unsaturated .Lens srows that the absolute values 
of B(z) and B' (z) are smaller in the saturated 
lens. At the sarre time, R.((z) has only a small 
intensity. 'I.bis reduces the contribution of the 
term B4~} in c_.. In the extension area ( see Fig. 
14, BCD part of the curve B/1\:,), B' is small, so 
that the term B' 2R! is small. These t\\O effects 
result in the .reduction of the spherical 
aberration =efficient of P-5. On the other hand, 
in the extension a~ea, Ra has rather large value, 
Polepiece saturation in objective lenses 
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Fig.11 TI:ie objective focal length (fol of the 
asyrnrretn. c magnetic condenser-objective lens Al-
A6 as a function of beam vo ltage v . 
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Fig.13 'Ihe spherical an d chromatic aberration 
coefficient (Cs,Cc) of the asynrnetric lens A2, 
AS, A6 a s a function of beam voltage vr. 
th t th B
4R4 . . so a e • >,( tenn 1.n this area makes Cs 
increase. At the fOSition of 'local ~x;y;-•, Cs 
has a local in'.:2"e2-se2 due ~ the tenn B' R.:c • As for the tenn -B R .R~ in C , it is negative and ... s 
occurs before ~e extension All these appear 
in the curve C in Fig. 14. '!he 'extension' 
2-0 '-----'--_.... _ __. __ _L__...J_ _ _J__ __ L__.L_ _ _L _ ____L 
10 0 200 300 40 0 5 00 GUO 700 800 900 I 000 
caused by fOlipiece saturation is a mixed 
blessing, but the final result is a reduction in 
Cs. This conclusion applies to the appropriate 
state of fOlepiece saturation. It can be 
imagined that v-ihen saturation is too strong, the 
'extension' will cb rrore hann than good to C and 
the spherical aberration coefficient swill 
increase once rrore. 
'lhe effect of the 'extension' on C is 
different f~::2 that o_n Cs· Because there is conly 
tenn of 2 f R~. in_cc, hence in the exte~sion 
area, B R,t makes C increase, as sh:>wn in C in 
Fig. 14. Gross satuiation of the lov.er rx>leplece 
is therefore hannful to the chromatic aberration 
coefficient. 
V,(kV ) 
Fig .12 'Ihe spherical and chromatic 
coefficien~ (Cs,Cc) of the asyrrnretric 

























S = ] l mm 
N I = 22fi00 A- r 
V, = 982 ,4-51,kV 
Z (mm) 
Fig.14 Felative axial magnetic flux density 
distribution (B/Bol for AS at an excitation 
NI=22500 A-t, the Gaussian ray (R) and the axial 
distribution of the increrrentalcr spherical and 
chromatic aberration coefficient (C (z) and 
C ( z) ) . Bo is the peak value of the 3xial flux 
degsity. 
Cbnclusions 
From the foreg:Jing analysis, v.e can a:mclude 
that the electron optical properties of the 
asyrmetric magnetic rondenser--objective lens are 
chiefly determined by tv.0 factors: the 
geometrical form of the :r:olepiece region, and the 
state of saturation of the :r:olepieces. In the 
case of an appropriate saturation state of the 
lov.er :r:olepiece, an asynmetric magnetic 
condenser-objective lens :r:ossesses a low 
spherical aberration coefficient and reasonably 
low chromatic aberration coefficient. In 
addition, for a given average bore diarreter the 
large bore of the upper :r:olepiece of AMCO leads 
to nore favourable design of the specirren stage 
and analytical facilities in the electron 
microscope. 
Cbrrparison of the AMCO A2 and AS with others 
suggests that the ratio of diarreter of upper 
:r:olepiece bore to that of lov.er :r:olepiece bore 
D1/J½ 4 is appropriate for an asynmetric 
magnetic rondenser--objective lens. If a smaller 
gap width is adopted, lov.er aberration 
coefficient than that presented in this paper can 
be expected. 
7290 
Calculation of the axial distribution of the 
spherical and chromatic aberration coefficients 
is i.nportant for the investigation of the effects 
of :r:olepiece saturation on the electron optical 
properties of rondenser--objective lens, and 
therefore is useful for the lens design. 
'lhe idea and the ronclusion presented in 
this paper have l ed to measures that have improved 
the resolution of the 600 kV high resolution 
electron microscope in the Old Cavendish 
Laboratory, Cambridge University, U.K. 
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Discussion with Reviewers 
Reviewer I: 'lhe results that have been obtained 
indicate that 4: 1 is an appropriate ratio for the 
lens tore diarreters. Are the absolute values of 
these tore diarreters and 11 nm gap that has been 
adopted throughout, optimum for operation at 
600 kV , or have rrechanical constraints irrposed 
these values? 
Author: 'lhe original side-entry specirren holder 
for the condenser-objective lens of the 600 kV 
HREM in the Old c:avendish I.atoratory, Cambridge, 
required a gap width of 11 nm to accormodate the 
existing specirren stage. 'lhat is why we adopted 
11 nm gap throughout the calculation. If we 
rerrove this original constraint, smaller gap 
1291 
widths can of course be adopted in the lens 
design. If the gap width is changed, the 
absolute values for the lens tore diarreters 
should be changed corresp'.)ndingly to retain the 
favourable values of (D + D )/2 and D /D. 
1 2 1 2 
Reviewer II: Please clarify the real dirrensions 
(gap distance, tore diarreters) to which :i,ou 
referred. Readers w:iuld like to know the exact 
reference to corrpare the SMC() characteristics. 
Author: 'lhe real dirrensions of gap width and 
tore diarreters for the lenses Al-Pi, referred to 
are given in the legend of Fig. 3. 
Reviewer II: 'lhe author has rrentioned tw::> 
reasons why he could get smaller Cs for the AMCO: 
( 1) , ~ is smaller for larger B ( z) and ( 2) , 
B' R'1-is smaller at the extension area 
where B' (z) is smaller. lbwever, (1) is 
independent of saturation. As for (2), there 
exists no extension on the magnetic field if 
saturation does not exist. Instead, B' 
2R! in 
that region might be small without saturation. 
'lhere is need of a rrore reasonable explanation 
why sorre arrount of rragnetic saturation will 
reduce Cs. 
Author: 'lb explain why an appropriate saturation 
state of an AMO) will reduce Cs, calculations for 
a condenser-objective lens with unsaturated 
p'.)lepiece were also cairied out, not only for the 
axial distribution of Cs, but also for every 
term in C such as (3e/mV )B4R4 , 8B' 2R4 
s r a a 
and 8B
2lR 0 2 , (B' (z) was also calculated), 
yielding a °axial distributions of all these 
terms. Cbrrparison between these distributions of 
the unsaturated and saturated lenses reveals that 
the absolute values and the shapes of B(z)/B , 
B' (z) and R (z) are different in toth cases. 
0 
Hence the dfstributions and the integrated values 















- r a a aa 
and therefore Cs are different in toth cases. 
Since for a saturated lens, the absolute value of 
B(z) increases from the object p'.)int on the axis 
rrore slowly than its counterpart in an 
unsaturated lens, the contribution of the 
term (3e/mV )B4R4 to C for the saturated lens 
r a s 
is smaller. 'lhis has been rrentioned in the 
paper, but perhaps too briefly. At the same 
tirre, although in an unsaturated lens, 2~re is 
no extension area in B(z), the term 8B' R still 
exists. Calculation shows that this term" has a 
larger value than that of a saturated lens, the 
reason for this is that in a saturated lens, 
B' ( z) is srraller than in the corresp'.)nding 
unsaturated lens, even though there is a small 
additional contribution to C from the extension 
area of B(z). s 
Reviewer II: 'lhe author has given D1/~ = 4 as 
the recomrended value for the lens. As for D 
value however, it can be estimated from Fig. 3 
that Di,=12 mm, and 15 nm for A2 and A3 lenses 
respectively, while these values are not 
rrentioned in the paper. Even though the tore 
diarreter of upper p'.)lepiece of A3 lens is larger 
(3 nm) than A2 lens, increment of 
only 0.1 nm for 2.8 nm. 'Ihus, 
calculation give o1/o 2 5 of 
reromrendable value? 
CHEN Wenxiong 
Cs might be 
cbes simple 
A3 lens as 
Author: 'Ihe reromrended value of 4:1 for D1/D2 
is based on the viewpoint of the designer. I.ens 
A2 is better than lens A3 , rot only in having 
lov.er Cs and Cc but also in requiring lov.er 
excitation and having sh::>rter focal length (see 
Figs. 9, 11, 12). ~re v.e assl.ll'l"e that the tore 
diameter of the upper p::,lepiece of the A2 lens is 
large enough for a top-entry specimen h::>lder. If 
in a particular specimen stage design, a larger 
tore diameter of the upper p::,lepiece v.ere needed, 
D1/D2 = 5, for lens A3 is an acceptable ch::>ice, 
at the expense of only a slight loss of lens 
perfonnance. 
Reviev.er I : J. R. A. Cleaver. 
Feviev.er II: T. Nagatani. 
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